Abstract. In order to understand the structure of the X(3872), we have studied the effects of the cc charmonium 
Introduction
The X(3872) state was first observed in 2003 by Belle [1] and confirmed by CDFII [2] , D0 [3] and BaBar [4] collaborations. Since then, it has received much attention because the X(3872) seems to be difficult to explain its structure by a simple cc bound state using the quark potential model and is considered as the candidate of the exotic state [5] . Many structures of the X(3872) have been suggested such as a tetraquark structure and a D 0D0 * molecule. Another improtant property of the X(3872) is its isospin structure. Belle have measured the branching fractions [6] Br(X → π + π − π 0 J/Ψ )
It suggests the strong isospin violation. Here two pion mode is from the isovector ρ meson origin and three pi mode is from the isoscalar ω meson origin. M. Suzuki has estimated the kinematical suppression factor and obtained the production amplitude ratio [7] A(ρJ/Ψ )
Usual size of the isospin symmetry breaking is at most a few %. Thus, we should study the origin of this strong isospin symmetry breaking. One of the authers (S. T.) has studied the X(3872) using a quark potential model by introducing an extra (qq) pair to a cc system [8] The wavefunction of the X(3872) in the center of the mass frame is represented by
The D 0 D 0 * and D + D − * molecule states are given by
where the normalization of the states are
Here ϕ 0 (q) and ϕ + (q) are the momentum represation of the wavefunctions of the D 0 D 0 * and D + D − * hadronic molecule states respectively. The charge conjugation + states are asuumed throughout this paper.
We introduce the monopole form factor type couplings between the cc core state and the D D * states in the isospin symmetric manner.
EPJ Web of Conferences
We ignore other interactions for simplicity. The schrödinger equation we have solved is
with
As for the cc core state, we consider it is the J PC = 1 ++ state and its mass is 3950 MeV from the Godfy and Isgur's result of the quark potential model calculation for the 2 3 P 1 cc state [9] .
Let us discuss our numerical results. The parameters of the model are the cutoff Λ and the coupling constant g. We take Λ = 0.3 GeV and 0.5 GeV which are the typical hadron sizes. The coupling constant g is determined so as to reproduce the observed mass of the X(3872), namely, 3871 MeV. 
The cutoff dependence of the admixture of the different componets is small. We obtain the large isospin symmetry breaking and is consistent with the experimental observation Eq. Fig. 1. Fig. 1 
Spectrum
In this section, we consider the transiton strength S (E) of the weak decay of B meson; B → X(3872)K and we normalize the S (E) to the production of the 2 3 P 1 cc state by the weak decay. Then, the S (E) is expressed as follows.
with the Green's function;
The state |cc represents the center of mass system of the 2 3 P 1 cc state with the normalization cc|cc = 1. Using the free Green's functions and the interaction given in Eq. (7), the Green's function is represented as follows.
G(E)
The interection V gives rise to the attractive force between D and D * effectively and the bound state exists. If the attraction is weak and the bound state is very shallow, then, such state is just the observed X(3872). As mentioned in Sect. 2, we have fixed the strength of the interaction V so as to reproduce the observed X(3872) mass.
On the other hand, the 2 3 P 1 cc core state becomes resonance. Since such resonance is not observed experimentally, the width of this resonance should be large enough.
The calculated transition strength for the cutoff Λ = 0.3 GeV is shown in Fig. 2 . The cc core state of the bare mass of 3950 MeV becomes the resonance state and its peak position is about 25 MeV shifted up.
We show the transition strength in the case of the cutoff Λ = 0.5 GeV in Fig. 3 . One can find the difference of the shape of the resonance from that for the Λ = 0.3 GeV case. The mass region of 3950 MeV, the resonance of J PC = 1 ++ has not been observed. Therefore the cutoff Λ = 0. 
Discussions and Summary
We have studied the structure of the X(3872 The effect of the isospin symmetry breaking is introduced by the mass difference between the neutral and charged D and D * mesons. It gives rise to the large isospin mixing in the structure of the X(3872) state and our result is consistent with the experimental observation.
In the wavefunction of the X(3872) we have obtained, there is about 15% of the cc core component. It helps up to explain the production rate of the X(3872). If the X(3872) is purely the D D * molecule state, the observed production rate of the X(3872) seems to be too large.
Concerning the quark potential model predictions of the charmonium states, the predicted masses are meaningful. However, if the predicted state is above the open charm threshold, one should consider the decay width of that state when you compare the theoretical results with experimental observations.
In order to confirm the present picture of the X(3872), the analyses of the multi-body decay of the X(3872) is important since it gives us the information of the size of the X(3872).
